Gurpinar E, Alimoglu MK, Mamakli S, Aktekin M. Can learning style predict student satisfaction with different instruction methods and academic achievement in medical education ? Adv Physiol Educ 34: 192-196, 2010; doi:10.1152/advan.00075.2010.-The curriculum of our medical school has a hybrid structure including both traditional training (lectures) and problem-based learning (PBL) applications. The purpose of this study was to determine the learning styles of our medical students and investigate the relation of learning styles with each of satisfaction with different instruction methods and academic achievement in them. This study was carried out with the participation of 170 first-year medical students (the participation rate was 91.4%). The researchers prepared sociodemographic and satisfaction questionnaires to determine the characteristics of the participants and their satisfaction levels with traditional training and PBL. The Kolb learning styles inventory was used to explore the learning styles of the study group. The participants completed all forms at the end of the first year of medical education. Indicators of academic achievement were scores of five theoretical block exams and five PBL exams performed throughout the academic year of 2008 -2009. The majority of the participants took part in the "diverging" (n ϭ 84, 47.7%) and "assimilating" (n ϭ 73, 41.5%) groups. Numbers of students in the "converging" and "accommodating" groups were 11 (6.3%) and 8 (4.5%), respectively. In all learning style groups, PBL satisfaction scores were significantly higher than those of traditional training. Exam scores for "PBL and traditional training" did not differ among the four learning styles. In logistic regression analysis, learning style (assimilating) predicted student satisfaction with traditional training and success in theoretical block exams. Nothing predicted PBL satisfaction and success. This is the first study conducted among medical students evaluating the relation of learning style with student satisfaction and academic achievement. More research with larger groups is needed to generalize our results. Some learning styles may relate to satisfaction with and achievement in some instruction methods. medical students THE CONTINUOUS PRODUCTION AND CHANGING NATURE of scientific knowledge in medicine causes excessive information in the field. When medical schools attempt to place up to date information into their curricula, medical students face an overwhelming burden of information and desperately tend to memorize all the facts instead of indepth learning. The solution to this problem was thought to be training medical students as self-learners who adopted a lifelong learning philosophy (17). To achieve this goal, medical schools are supposed to teach their students how to learn. Efforts on this purpose started with a change in instruction methods, and traditional training has left its place in favor of novel methods featuring student active participation and self-learning, such as interactive teaching or problem-based learning (PBL) (5). If we place medical students into the center of medical education as self-learners, then we need detailed information on their learning styles, for example, the reason behind students preferring some styles compared with others, the compatibility of a style with applied pedagogy, or the effects of learning style on academic achievement.
medical students THE CONTINUOUS PRODUCTION AND CHANGING NATURE of scientific knowledge in medicine causes excessive information in the field. When medical schools attempt to place up to date information into their curricula, medical students face an overwhelming burden of information and desperately tend to memorize all the facts instead of indepth learning. The solution to this problem was thought to be training medical students as self-learners who adopted a lifelong learning philosophy (17) . To achieve this goal, medical schools are supposed to teach their students how to learn. Efforts on this purpose started with a change in instruction methods, and traditional training has left its place in favor of novel methods featuring student active participation and self-learning, such as interactive teaching or problem-based learning (PBL) (5) . If we place medical students into the center of medical education as self-learners, then we need detailed information on their learning styles, for example, the reason behind students preferring some styles compared with others, the compatibility of a style with applied pedagogy, or the effects of learning style on academic achievement.
The concept of learning style was raised regarding the hypothesis that each individual learns in a distinctive way. Psychologists have conducted many studies and developed various measurement tools to determine different learning styles. In the literature, the Kolb learning style inventory (LSI) has been the most commonly used tool among medical students and professionals (2, 22-24, 27, 28) . Kolb defines adult learning as "the process whereby knowledge is created through the transformation of experience." He views learning as a circular process through four stages of experiences. Concrete experience is followed by reflection and observation, leading, in turn, to the formulation of abstract concepts, which are tested through active experimentation (Fig. 1) . Learning style is a personal approach to receive and process information and is shaped by the genetic characteristics and experiences of the invidual as well as expectations of the environment (11) . Having information about learning styles of the students is essential for instructors since each learning style requires different educational materials at various levels of learning.
In the literature, there are a lot of studies investigating student success in and satisfaction with classical training and student-centered instruction methods like PBL (6 -9, 16, 18, 26) . However, there is no study evaluating the satisfaction and academic achievements of medical students in these instruction methods regarding their learning styles.
The purpose of this study was to determine the learning styles of medical students in the Department of Medicine of Akdeniz University and investigate the relation of learning style with student satisfaction with different instruction methods and academic achievement in them.
METHODS

Study Design
We focused on lectures and PBL as representatives of classical training and student-centered learning, respectively. Dependent variables of the study were satisfaction with PBL process and lectures and academic achievement in both classical training and PBL assessments. Independent variables were sociodemographic characteristics, learning styles, educational background of the parents, and decision to study medicine.
Setting
The curriculum in each of the first 2 yr of the Department of Medicine of Akdeniz University is composed of five thematic blocks structured on the basis of organ system-related themes. The first week of each block is allocated to PBL sessions performed in small-group tutorials. The remaining 5-7 wk in each block consist of lectures and practicals. In practical training hours, the students gains some laboratory and clinical skills. A written clinical reasoning exam at the end of each PBL week and a multiple-choice question exam at the end of each block are performed. Maximum scores that can be attained from a PBL assessment and a theoretical block exam are 150 and 850, respectively.
Study Group and Ethical Issues
All of the first year-medical students in the Department of Medicine of Akdeniz University in the academic year of 2008 -2009 (n ϭ 186) were targeted for the study without any sampling. Of the target group, 170 students completed all forms and inventories properly and constituted the study group, with a participation rate of 91.4%. All participants were informed about the study, and their informed consent was obtained. Since we are also the teachers and assessors of the participants, to assure anonymity to prevent any possible negative effect on the teacher-student relationship, one of the authors gathered all completed questionnaire forms and numbered them, covering the names. Thus, we analyzed numbered anonymous forms without knowing which form belonged to which student.
Data Gathering
Tools. SOCIODEMOGRAPHIC QUESTIONNAIRE. A questionnaire was prepared by the authors to ask the participants' age, sex, high school, living place, parental educational background, and decision to study medicine ( Table 1 ). The questionnaire was delivered to the participants together with the Kolb LSI and satisfaction questionnaire at the end of the first year of medical education in 2009.
THE KOLB LSI. The Kolb LSI was developed by Kolb to determine learning styles of the individuals (10). The inventory was translated into Turkish by Askar and Akkoyunlu (20) . The validity and reliability of the inventory were confirmed in a previous study (20) conducted among Turkish people. We found a Cronbach ␣-value of 0.89 for the Kolb LSI used in our study.
The LSI includes 12 stems completed by 4 different statements representative of 4 elements of the learning process. The inventory scores preferences for the four constructs on two Cartesian axes between Ϫ36 and ϩ36 produce the dimensions of active experimentation-reflective observation and abstract conceptualization-concrete experimentation. Preference scores are plotted on the two axes and fall within the quadrants, with each representing a learning style (Fig. 1) .
The four basic learning styles can be described as follows (11):
• Divergers: dominant learning abilities of feeling and watching. They have imagination, understand and are interested in people, recognize problems, and use brainstorming to solve them.
• Assimilators: dominant learning abilities of thinking and watching.
They are interested in abstract concepts, use logic to define problems, and then create theoretical models for planning.
• Convergers: dominant learning abilities of thinking and doing.
They define problems and use deductive reasoning to solve prob- lems and make decisions. They are relatively unemotional, preferring to deal with practical things rather than people.
• Accommodators: dominant learning abilities of feeling and doing.
Their greatest interest is in doing things and being involved in new experiences. They get things done, take risks, and give leadership.
SATISFACTION QUESTIONNAIRE. The satisfaction questionnaire was created by the authors to determine the satisfaction levels of students with classical training (lectures) and PBL. The questionnaire was composed of 16 statements, and the participants were asked to give a score for each instruction method on a five-item Likert-type scale between 1 (absolutely not agree) and 5 (absolutely agree) regarding the compatibility of each statement with traditional training and PBL. The statements were about how each instruction method contributed to learning and academic achievement, how it prepared the students for professional life, and both the physical and emotional comfort of the learning environment ( Table 2) . A total score per participant was obtained from the questionnaire and then divided by 16 to calculate a mean satisfaction score over 5 to use in statistical analysis.
Academic achievement indicators. We used the scores that had been attained by the students from block exams and PBL exams as indicators of academic achievement. For each participant, five block exam and five PBL exam scores were available, and a mean score for each exam type was calculated to use in statistical analyses.
Data Analysis SPSS 13.0 was used in statistical analyses. Satisfaction scores of the study group with traditional and PBL training were compared by a paired samples t-test. Satisfaction with traditional training and PBL in the assimilating and diverging groups was compared using Student's t-test. A Wilcoxon signed-rank test was used to compare the satisfaction of the accomodating and converging groups with traditional training and PBL. Academic achievement of the participants according to their learning styles was compared by Kruskal-Wallis analysis. The rationale for using nonparametric tests (the KruskalWallis test and Wilcoxon signed-rank test) in some comparisons was an inadequate number (Ͻ30) of students in the accomodating and converging groups. Linear logistic regression analysis was used to determine the predictive effect of learning styles and other characteristics of the students on satisfaction with different instruction methods and academic achievement.
RESULTS
Characteristics of the Study Group
The mean age of the study group was 18.9 Ϯ 1.0 yr, and the male-to-female ratio was 3:2. Table 1 shows other characteristics of the study group. In the analysis of learning styles, we found that the majority of the students took part in the diverging (n ϭ 84, 47.7%) and assimilating (n ϭ 73, 41.5%) groups. Numbers of students in the converging and accommodating groups were 11 (6.3%) and 8 (4.5%) students, respectively.
Student Satisfaction With Traditional Training and PBL
In all items of the satisfaction questionnaire, mean scores of PBL were found to be higher than those of traditional training. Participants gave the highest satisfaction score (3.3) for traditional training to the statement "I feel myself in comfort in this method." On the PBL side, the highest mean score was 4.2 and was given to the contribution of PBL to the development of "problem solving" and "communication" skills (Table 2) .
In all learning style groups, PBL satisfaction scores were significantly higher than those of traditional training (Table 3) .
In logistic regression analysis, learning style (assimilating) was the unique statistically significant factor predicting student satisfaction with traditional training (odds ratio ϭ 2.80, 95% confidence interval: 1.38 -5.75). Student satisfaction with PBL was significantly predicted by just male sex (odds ratio ϭ 2.69, 95% confidence interval: 1.32-5.46). 
Academic Achievement
Among learning style groups, accommodators had the highest mean PBL exam score and assimilators had the highest mean theoretical block exam score. There was no statistically significant difference between exam scores of the four learning style groups (Table 4) . In logistic regression analysis, female sex (P ϭ 0.01), decision to study medicine with own desire (P ϭ 0.002), and learning style (assimilating) (P ϭ 0.009) were predictors of student success in theoretical block exams. The factors predicting success in PBL exams were female sex (P ϭ 0.009), decision to study medicine with own desire (P ϭ 0.019), and graduating from science high school (P ϭ 0.009).
DISCUSSION
We found that the vast majority of the study group were members of the diverging and assimilating groups and that assimilating may predict satisfaction with traditional training and academic achievement in this instruction method.
In studies conducted using the Kolb LSI, medical students or professionals generally showed similar learning style characteristics to our study group, predominantly being part of the diverging and assimilating groups (1, 14, 25, 23) . But, converging and accomodating have been also reported as the predominant learning style of medical students in some studies (3a, 16a). For our study group, the reason for predominantly taking part in the diverging and assimilating groups. The reason behind this may be the professional preferences of different learning style groups. We know from the literature that divergers generally prefer professions such as medicine, economics, and computer science and that assimilators generally prefers physics, mathematics, biology, education, and low or social sciences. Convergers generally study fine arts, history, political sciences, foreign languages, psychology, and literature, whereas accomodators mostly prefer educational sciences, communication, public management, or education management (12, 13) .
Our study group was found to be more satisfied with PBL than traditional training regardless of which learning styles they preferred. This finding, which is compatible with the literature, possibly arise from a concordance between adult learning principles and characteristics of PBL, such as problem solving, self-learning, self-determining the content to be learned, the link between PBL content and real professional life events, interpersonal communication, and team work in small-group tutorials (6 -8, 13, 18) . In the literature, there is no study directly investigating the relation between medical student satisfaction with instruction methods and learning styles. However, there are some studies focused on preferences instead of satisfaction. For example, Compeau (3) studied with emergency medical care assistants to explore the distribution of learning styles, preferences for major learning environment characteristics, and the associations between these two factors. He found that accommodators believed that courses with a strong emphasis on practical applications and working in groups were very useful but were less interested in courses with a strong emphasis on theory. Assimilators felt that lectures and courses with a strong emphasis on theory were very useful but were less interested in providing input into course objectives. Divergers found that a lot of verbal explanation was useful but were less interested in working with teachers who acted as coaches. Convergers believed that working with teachers who acted as coaches was useful. They also preferred courses with a strong emphasis on practical applications but were less interested in courses with a strong emphasis on theory (3). In another study, Gardner and Korth (4) found strong relationships between learning styles and preferences for learning methods: assimilators preferred lectures, reading, writing, and individual work, whereas accommodators and often divergers and convergers preferred partner and group work. On the other hand, Loo (15) examined the relationship between learning styles and learning preferences among undergraduate management students and found that there were weak linkages between learning styles and preferences. The results of the present study show that our students were more satisfied with PBL than traditional training. But satisfaction with some certain instruction methods in some certain learning style groups was not superior to others. Thus, we may say that the relation between student satisfaction with different instruction methods and learning style is weak too.
We found only one study comparing exam success of medical students regarding their learning styles in the literature. Piane et al. (21) examined student success in traditional Public Health courses regarding four learning styles and found that assimilators attained the best scores in the exams. In our study, there were no differences between academic achievements of the four learning style groups. The reason behind this might be the fact that each individual used a mixture of different learning styles under different conditions. Loo (15) defined an effective learner as one who can use each of the four styles effectively in different learning situations rather than relying upon their preferred style. He recommended that educators use a variety of learning methods and encourage students to be receptive to different learning methods rather than try to link specific learning methods to specific learning styles (15) .
As for the predictive effect of learning styles on satisfaction with different instruction methods and academic achievement, we found that assimilating was the unique factor to predict higher satisfaction with traditional training and higher academic achievement in theoretical block exams. This might be a result of previously known characteristics of assimilators such as preferring lectures, structured information, reading, writing, and individual work (4). If medical student candidates Values are means Ϯ SD. The maximum score that could be attained from the PBL exam was 150. The maximum score that could be attained from the theoretical block exam was 850.
could determine their learning styles before applying to medical schools, it would be possible for them to select the schools offering appropriate teaching methods. If this is not applicable, then medical schools should determine the learning styles of their students in the early phases of medical education to determine their strengths and weaknesses in different teaching methods. Guidance to students to improve their weak points in learning may increase student satisfaction with and success in different instructional methodologies.
Learning strategies have been very attractive to education researchers and studied extensively so far. However, the association among learning style, instruction, and performance is not well documented yet. Research methodology problems such as low reliability of measurement tools and methods, as well as differences between social and cultural characteristics of research samples are all barriers against confidential study results (17a). Our study has similar limitations. The first is timing in which the satisfaction questionnaires were given. We delivered the questionnaires at the end of the first year of medical school, meaning that the last 5-7 wk before the questionnaire were spent in the traditional training period, followed by a traditional exam just before the completion of the questionnaire. These could be confounding factors in the subjective feelings of the medical students and the reason of higher satisfaction with PBL. Another limitation is about validity of the satisfaction questionnaire that we used. Some items may have directed the students to favoring PBL.
The final limitation of this study was the sample size. Since our results represent only one group of students in one medical school, they cannot be generalized to other populations. We think that factors that can affect student satisfaction and achievement, such as the learning environment, characteristics of students and teaching staff, and facilities, differ from one school to another. Therefore, each school should be responsible from its own research. But we still believe that longitudinal studies in larger groups would provide more generalizable results.
In conclusion, this study showed that vast majority of our medical students were divergers and assimilators and that assimilating may predict satisfaction with traditional training and academic achievement in this instruction method. Although it seems practical to cluster medical students into four learning styles and try to have some clues about future academic achievement and satisfaction, we need much more information to come to a conclusion about its applicability. For this purpose, medical schools may conduct research similar to ours to test reliability and generalizability of our results. Furthermore, longitudinal studies may investigate if studentcentered instruction methods used in medical education cause a shift in learning styles of medical students over time.
